We calculate the new physics effects on the anomalous magnetic moment of the muon using the experimental result of muon electric dipole moment in the framework of the general two Higgs doublet model. Our calculation shows that it is possible to explain the deviation of the anomalous magnetic moment over its Standard model value by playing the model parameters in the restriction region. *
Introduction
The lepton flavor violating (LFV) interactions, non-zero electric dipole moments (EDM) and anomalous magnetic moments (AMM) of leptons are among the most promising candidates to search the physics beyond the Standard model (SM). The recent experimental result of muon AMM by g-2 Collaboration [1] a µ = 116 592 023 (151) × 10 −11 ,
opens a new window for testing the new physics effects beyond, since there exists a deviation of muon AMM over its SM prediction [2] ∆a µ = a 
The AMM of muon have been studied in the literature extensively [3] and, recently, various scenarios have been proposed to explain the nonvanishing value of deviation ∆a µ [4] - [21] . The Supersymmetry (SUSY) contribution to a µ has been investigated in [3, 6, 11] . In [12] the new physics effect on a µ has been explained by introducing a new light gauge boson. The prediction of muon AMM has been done in the framework of leptoquark models, and a restriction on the mass of second generation leptoquarks were obtained in [13] . In [16] a µ was evaluated in the technicolor model with scalars and top color assisted technicolor model and found that these models could give large contributions to a µ to explain the observed deviation. a µ has been studied in the framework of the general two Higgs doublet model (2HDM) in [17] and it was observed that a light CP-even Higgs boson could explain the recent data. In [18] the theoretical deviation to a µ was calculated in the general two Higgs doublet model (2HDM)
to get lower and upper bounds for the flavor changing (FC) couplings in the leptonic sector and it was predicted that µ − τ coupling was at the order of the magnitude of 10 −2 for the intermediate values of the parameter tanβ. In addition to this, bounds for the mass of the pseudoscalar Higgs (m A 0 ) were obtained. The work [19] was devoted to the Higgs mediated lepton flavor violating interactions which contributed to a µ . In this study, the effect of lepton FC (particulary µ − τ ) coupling on a µ was examined. Combining the upper-lower limits of the deviation ∆a µ and the constraints due to experimental limits of the branching ratios (Br) of lepton flavor violating decays, the possible restrictions for flavor changing/ conserving couplings e − e, e − µ, e − τ, µ − µ, τ − τ were estimated. Further, the coupling for µ − τ , denoted by h τ µ , was predicted in the limits, 0.053 < h τ µ < 0.09 for scalar mass m φ = 100 GeV . Here, only the scalar Higgs exchange was taken into account by assuming that the pseudoscalar Higgs particle was sufficiently heavier than the scalar one. Finally, in [21] , scalar scenarios contributing to a µ with enhanced Yukawa coupling were proposed. According to this work, the contributions from scalars with masses around hundereds of GeV's could contribute to the a µ and had a capacity to explain the theoretical deviation.
In our work, we study the new physics effects on the AMM of muon in the general 2HDM
(model III), including both scalar and pseudoscalar Higgs boson effects. The new contribution to a µ exists at one-loop level with internal mediating neutral particles h 0 and A 0 in our case, since there is no CKM type matrix and therefore no charged FC interaction in the leptonic sector according to our assumption. In the calculations, we take into account the internal τ and µ leptons and neglect the contribution coming from the internal e-lepton since the corresponding Yukawa coupling is taken to be smaller compared to the others. Further, we also neglect the internal µ-lepton contribution by observing the weak dependence of ∆a µ on the µ-µ coupling.
For the µ-τ coupling, we use the restriction coming from the EDM of µ lepton (see [22] for details) and observe that the deviation ∆a µ over the SM contribution can be explained by 
where i, j are family indices of leptons, L and R denote chiral projections L(R) = 1/2(1 ∓ γ 5 ), l iL and E jR are lepton doublets and singlets respectively, φ i for i = 1, 2, are the two scalar doublets
with the vacuum expectation values
With the help of this parametrization, the SM particles and new particles beyond can be collected in the first and second doublets respectively. Here H 0 is the SM Higgs boson and 
where "N" in ξ E N,ij denotes the word "neutral". The Yukawa matrices ξ E N,ij have in general complex entries and they are free parameters which should be fixed by using the various experimental results.
The effective interaction for the anomalous magnetic moment of the lepton is defined as
where F µν is the electromagnetic field tensor and "a l " is AMM of the lepton "l", (l = e, µ, τ ).
This interaction can induced by neutral Higgs bosons h 0 and A 0 at loop level in the model III, beyond the SM. Note that we do not take into account the charged current interactions in our calculations.
In Fig. 1 , we present the 1-loop diagrams due to neutral Higgs particles . Since, the self energy (p) (diagrams a, b in Fig. 1 ) vanishes when l-lepton is on-shell, in the on-shell renormalization scheme, the vertex diagram c in Fig. 1 plays the main role in the determination of the deviation to AMM of lepton l. The most general Lorentz-invariant form of the coupling of a charged lepton to a photon of 4-momentum q ν can be written as
where q ν is photon 4-vector and q 2 dependent form factors
proportional to the charge, AMM and EDM of l-lepton respectively. Using the definition of AMM of the lepton l (eq. (7)), ∆a µ is extracted as
where a
µ (x) dx) is the contribution coming from the internal τ (µ) lepton. The functions a (1) µ and a (2) µ are given by
and a (2)
where F 1 (w) and G 1 (w) are
Here y H = , Q τ and Q µ are charges of τ and µ leptons respectively. In eqs.
(10) and (11)
In eq. (9) we take into account internal τ and µ-lepton contributions since, the Yukawa couplingsξ E N,ij i( or j)= e are negligible (see Discussion part). Note that, we make our calculations in arbitrary q 2 and take q 2 = 0 at the end.
In our analysis we take the couplingsξ E N,τ µ andξ E N,µµ complex in general and use the parametrizationξ
The Yukawa factors in eqs. (10) and (11) can be written as
where l, l ′ = µ, τ . Here θ ll ′ are CP violating parameters which play the main role in the existence of the lepton electric dipole moment.
Discussion
The new physics contribution to the AMM of the lepton is controlled by the Yukawa couplings ξ E N,ij , i, j = e, µ, τ in the model III. These couplings can be complex in general and they are free parameters of the model underconsideration. The relevant interaction (see eq. (7)) can be created by the mediation of the neutral Higgs bosons h 0 and A 0 beyond the SM, with internal leptons e, µ, τ (Fig. 1) . However, in our predictions, we assume that the Yukawa couplings ξ E N,τ e andξ E N,µµ are small compared toξ E N,τ µ since their strength is proportional to the masses of leptons denoted by the indices of them, similar to the Cheng-Sher scenerio [23] . Note that we also assumeξ E N,ij as symmetric with respect to the indices i and j. Therefore, the number of free Yukawa couplings is reduced by two and one more coupling, namelyξ E N,τ µ still exists as a free parameter. Fortunately, the possible restriction for this coupling can be found by using the experimental result of µ EDM [24] at 95% CL limit, 0.00 × 10
and the corresponding theoretical result for the EDM of muon in the model III (see [22] for details). Since non-zero EDM can be obtained in case of complex couplings, there exist a CP violating parameter θ τ µ coming from the parametrization eq. (13) . Note that we also check the effect of the couplingξ E N,µµ on AMM of muon and observe that AMM has a weak sensitivity on that coupling. This insensitivity is due to the suppression coming from factors r h 0 and r A 0 in the denominator of eq. (11) . Therefore, we can take onlyξ E N,τ µ as free parameter, restricted by the experimental measurement of d µ given above. one given by recent data [1] . Notice that the lower bound for ∆a µ almost coincides with the ∆a µ = 0 axis.
In Fig. 3 we present m A 0 dependence of ∆a µ for the upper (lower) limit of |ξ For completeness, we also show the |ξ E N,µµ | dependence of ∆a µ when the internal µ-lepton contribution is taken into account. Here the dashed line represents the case where |ξ E N,τ µ | is maximum. In this figure, it is observed that ∆a µ is weakly sensitive to |ξ E N,µµ | and therefore the internal µ-lepton contribution can be safely neglected.
In this work, we choose the type III 2HDM for the physics beyond the SM and assume that only FCNC interactions exist at tree level. We calculate ∆a µ using the restriction of the couplingξ E N,τ µ , coming from the experimental result of EDM of muon. In the calculations, we neglect the internal e and µ lepton contributions. We see that new physics effects on a µ can cause the enhancement, at the order of the magnitude less than 10 −6 , which respects the experimental measurement anounced recently. With the more reliable future measurements of muon EDM, it would be possible to obtain a better restriction region for ∆a µ , including the lower limit and to get strict constraints for the couplings under consideration.
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